Dnmt3b is not present at detectable levels in MEFs, but
there is significant coexpression of all analyzed proteins
Pericentric Localization of Dnmt3b Depends on Suv39h-Mediated H3-K9 Methylation in the mouse embryonic stem (ES) cell line CCE ( Figure  1A ). We therefore used nuclear extracts from CCE cells To investigate the in vivo significance of the Dnmt3b-HP1␣ interaction, we generated three wild-type (wt) and to perform coimmunoprecipitations (co-IPs), followed by in vitro HMTase assays. Although we did not observe three Suv39h dn ES cell lines by blastocyst outgrowth. Pericentric heterochromatin in mouse cells is characteran interaction between Suv39h2 and any of the DNMTs, we detected a selective, yet substoichiometric, enrichized by several blocks of AT-rich repeats that can be visualized as focal nuclear stainings by fluorochrome ment in the association between Dnmt3b and HP1␣ (Figure 1B) . This interaction was confirmed in the reciprocal 4',6'-diamino-2-phenylindole (DAPI). In addition, HP1␣ and HP1␤ have been shown to accumulate at these co-IP with HP1␣ antibodies. We also observed an interaction between Dnmt3b and HP1␤, whereas HP1␥ ap-DAPI-dense regions [17] . To demonstrate heterochromatic association, we used HP1␣ antibodies and DAPI peared not to associate with Dnmt3b (data not shown). We then used the co-IP material to examine the presin double labeling immunofluorescence analyses. For example, in wt ES cells, costaining with H3-K9 trimethyence of HMTase activity that would be able to methylate the H3-K9 position, as controlled with wild-type and lation antibodies (see Figure S1 in the Supplemental Data available with this article online) (A.H.F.M.P., submutant (K9L) histone H3 peptide substrates. These HMTase assays indicated that Suv39h2, HP1␣, and all mitted) and HP1␣ antibodies resulted in significant overlap at several foci that colocalized with DAPI-rich heterothree DNMT antibodies enriched for an H3-K9 HMTase activity that was most pronounced with the Dnmt3b cochromatin ( Figure 2A , top panels). Colocalization with HP1␣ is indicated as yellow foci, whereas costaining IP ( Figure 1C) .
To examine whether the interactions between Dnmt3b with DAPI is reflected by the appearance of white dots. Conversely, H3-K4 dimethylation was enriched at euand HP1␣ would also be present in other mammalian cells, we repeated the co-IPs with nuclear extracts from chromatic regions and did not colocalize with the heterochromatic HP1␣ proteins in wt ES cells ( Figure 2A Figure 5B ). Using the same number of amplification cycles, we failed is the case in Suv39h dn ES cells) could induce slightly higher transcript levels of repeat sequences underlying to reveal minor satellite transcripts, which were only detectable at higher PCR amplification (35 cycles) and pericentric heterochromatin. which did not consistently display increased levels in Suv39h dn ES cells. As controls for the quality of the RTDiscussion PCR reactions, we used primers specific for Suv39h1, Suv39h2, and Gapdh sequences and performed the The Suv39h HMTases Direct DNA Methylation at Pericentric Satellite Repeats analyses in the absence of reverse transcriptase. Together, these data indicate transcriptional activity We demonstrate here by immunofluorescence analyses and DNA methylation profiles in wt and mutant murine across mouse major satellite repeats and are consistent ES cells that Suv39h-mediated H3-K9 trimethylation can direct Dnmt3b to major satellite repeats present in pericentric heterochromatin. In addition, co-IP data suggest that Dnmt3b and Dnmt3a are part of a repressive complex that is targeted to methylated H3-K9 positions via HP1␣ and HP1␤.
The Suv39h-dependent DNA methylation defect at major satellites was only detectable upon digestion with MaeII and reflects a similar deficiency in heterochromatic DNA methylation as compared to Dnmt3a/ Dnmt3b mutant ES cells (Figure 3) . In contrast, genomic DNA prepared from Dnmt1-deficient ES cells displayed methylation defects that were observed both after MaeII or HpaII digestion. Sequence analyses identified no apparent HpaII sites within the 234 bp major satellite repeat unit (see Figure S2 ) [24] , suggesting that they may be interspersed between satellite repeats or present at other repetitive sequences, which together comprise the large blocks of pericentric heterochromatin. It is currently unresolved whether DNA methylation at these HpaII sites is initiated by Dnmt3a/Dnmt3b in an Suv39h-dependent manner and then maintained by Dnmt1, or whether there may be differential target sensitivities of DNMTs to certain DNA sequences or even to chromosomal subdomains.
In human embryonic carcinoma cell lines (Tera-1 and NCCIT), Dnmt3b also interacts with HP1␣ (Figure 1) . Mutational inactivation of DNMT3b causes the rare ICF syndrome, which is in part characterized by extensive cytosine demethylation and chromosomal instabilities Figure 6 ). This interpretation would be conAlthough H3-K9 methylation can be maintained at silent centromeric repeats in CpG (met1) or CpNpG (cmt3) sistent with the robust HMTase activity associated with Dnmt3b in Suv39h-deficient nuclear extracts ( Figure 2D) .
DNA methylation-deficient mutants in A. thaliana [31] , these studies also showed that loss of DNA methylation In contrast to Dnmt3b, the pericentric localization of Dnmt1 and the more complete loss of DNA methylation can feed back on the persistence of H3-K9 methylation patterns if there is significant derepression of silenced at major satellites observed in Dnmt1 null versus Suv39h dn ES cells (Figure 3) indicates that recruitment of Dnmt1 loci, e.g., observed with aberrant transcriptional activity
